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(54) JOINED BODY OF DISSIMILAR METALS

(57) A dissimilar metal joined body includes a copper
material, an aluminum material and a molten mixed por-
tion. The molten mixed portion is configured so that part
of the aluminum material is melted and flows into the
copper material. The depth from a surface of the copper
material which contacts the aluminum material in the mol-
ten mixed portion is at least 5 mm and no greater than
30 mm.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a dissimilar
metal joined body formed by joining a copper-based ma-
terial (hereinafter, a copper material) and an aluminum-
based material (hereinafter, an aluminum material) by
laser welding.

BACKGROUND ART

[0002] Generally, a hard and brittle intermetallic com-
pound is formed in a molten portion in the laser welding
between dissimilar metals. Accordingly, the joint strength
is largely reduced as compared with a case of welding
between same kinds of metals and brittle fracture behav-
ior is shown. As an example of practical use of the joined
body of the copper material and the aluminum material,
a joined body having the following structure is known.

(1) A joined body having an insert structure using a clad 
material of the copper material and the aluminum mate-
rial

[0003] The joined body is fabricated in the following
manner. A clad material including a first metal member
and a second metal member is arranged between a first
metal and a second metal which are materials to be weld-
ed and have different melting points so that the same
kind of metals contact each other. In this state, the first
metal, the clad material and the second metal are inte-
grated by laser welding from both surfaces of the first
metal and the second metal in a welding condition in
which dissimilar metals do not melt each other (for ex-
ample, refer to Patent Literature 1).

(2) A joined body having a spot-laser welding structure

[0004] The joined body is fabricated in the following
manner. A first metal plate and a second metal plate hav-
ing different melting points are partially overlapped. The
overlapped portions are irradiated with laser discontinu-
ously, thereby forming spot-like welding portions contin-
uously (for example, refer to Patent Literature 2).

CITATION LIST

PATENT LITERATURE

[0005]

PTL 1: JP-A-4-081288
PTL 2: WO2006-016441

SUMMARY

[0006] The present disclosure provides a dissimilar

metal joined body of a copper material and an aluminum
material in which the joint strength is increased to a base
material strength.
[0007] A dissimilar metal joined body according to the
present invention includes a copper material, an alumi-
num material and a molten mixed portion. The molten
mixed portion is configured so that part of the aluminum
material is melted and flows into the copper material. A
depth from a surface of the copper material which con-
tacts the aluminum material in the molten mixed portion
is at least 5 mm and no greater than 30 mm.
[0008] In the combination of the copper material and
the aluminum material, a hard and brittle metal com-
pound is easily deposited. However, it is possible to in-
crease the joint strength to the level in which fracture
occurs in a base material part of the aluminum material
having relatively low mechanical strength in the dissimilar
metal joined body formed of the copper material and the
aluminum material.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

Fig. 1 is a view schematically showing a cross section
of a joined portion according to the embodiment of
the present invention.
Fig. 2 is a graph showing the relation between the
input energy mount and the peel strength/the dimen-
sion of the molten mixed portion according to the
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0010] Prior to the explanation of embodiments of the
present invention, problems in a related-art apparatus
will be briefly explained. In the joined body in Patent Lit-
erature 1, the clad material is necessary. A physical
space for sandwiching the clad material is also neces-
sary. Furthermore, it is necessary to emit laser beam
from both sides of the welding materials to be welded.
Therefore, the performance of the structure to be joined
may be deteriorated, and it may be difficult to join the
materials due to structural constraints.
[0011] For example, when the joined body in Patent
Literature 1 is applied to a joint of a plate material (bus
bar) connecting between cell electrodes in an in-vehicle
battery module, the volume or mass is increased as a
whole as the clad material is interposed between the bus
bar and the cell electrode. Accordingly, the energy den-
sity as an important performance of the battery module
is reduced. Furthermore, it is necessary to consider var-
iations in thickness of the clad material in the laser weld-
ing in which the highly-precise positioning is necessary
in the optical axis direction, which complicates production
process.
[0012] A cell main body is arranged just below a contact
part of the bus bar and the cell electrode to be joined.
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Therefore, the cell main body blocks the access of the
laser beam to reverse faces of the bus bar and the cell
electrode. Therefore, it is difficult to emit the laser beam
from the reverse faces of the bus bar and the cell elec-
trode.
[0013] The joined body in the Patent Literature 2 is
characterized by suppressing alloying which causes in-
crease of an electric resistance value by forming the spot-
like welding portions by pulse waves rather than forming
a linear welding portion by continuous irradiation of the
laser beam. Therefore, the joint area is inevitably reduced
and it is difficult to improve the joint strength to the base
material strength.
[0014] Hereinafter, an embodiment of the present in-
vention will be explained with reference to the drawings.
[0015] Fig. 1 is a view schematically showing a cross
section of a joined portion according to the embodiment
of the present invention.
[0016] An aluminum material 101 and a copper mate-
rial 102 which are members to be joined are partially over-
lapped to thereby form an overlapping area 103 and weld-
ed by irradiating an arbitrary position in the overlapping
area 103 with a laser beam 104. The laser beam 104 is
emitted continuously from a surface of the aluminum ma-
terial 101 having a relatively low melting point, which is
the opposite side of a surface contacting the copper ma-
terial 102, thereby forming a linear welding portion. Ac-
cordingly, a molten mixed portion 105 which is continu-
ous in a scanning direction as well as having a width W
and a depth "t" of a certain specific range is formed. The
width W indicates the shortest dimension of the molten
mixed portion 105 on a surface of the copper material
102 which contacts the aluminum material 101.
[0017] The aluminum material 101 irradiated with the
laser beam is melted completely to the surface contacting
the copper material 102 at the moment when the laser
beam 104 is emitted. Therefore, a molten portion 110
connecting to the molten mixed portion 105 is formed in
the surface of the aluminum material 110, which is op-
posite to the surface contacting the copper material 102.
[0018] The molten mixed portion 105 is formed so that
the aluminum is melted and flows into the copper material
102 from the surface of the aluminum material 101 which
contacts the copper material 102. The surface contacting
the copper material 102 indicates the reverse surface of
the aluminum material 101, which is opposite to the sur-
face irradiated with the laser light 104. Various parame-
ters such as the output, scanning speed and the energy
density of the laser beam 104 are optimized so that the
molten mixed portion 105 is formed. Then, the shape
dimension of the molten mixed portion 105 determines
the joint strength of the joined body.
[0019] As an example of the embodiment, Fig. 2 shows
the relation of the peel strength of the joint of the joined
body, the width W and the depth "t" of the molten mixed
portion 105 with respect to the input energy value when
performing welding by using a fiber laser having higher
light condensing performance in a range in which the

laser output is 500 to 1100 W and the scanning speed is
240 to 720 mm/s.
[0020] When the molten mixed portion 105 is formed
to have the same shape dimension, the necessary input
energy value is changed according to the thickness of
the aluminum material 101 irradiated with the laser beam
104. Therefore, the optimum value depending on the
thickness of the aluminum material 101 exists in the input
energy values in which the high joint strength can be
obtained.
[0021] In the case where the same kinds of materials
are joined, the joining strength is increased in proportion
to the input energy amount. On the other hand, in the
case where dissimilar materials are joined, the molten
mixed amount is increased as the input energy amount
is increased. Accordingly, the joint strength is extremely
reduced as the deposition of an intermetallic compound
is increased. Fig. 2 shows results obtained when the
thickness of the aluminum material 101 is 0.6 mm as an
example.
[0022] According to the results shown in Fig. 2, in the
case where the thickness of the aluminum material 101
is 0.6 mm, the peel strength is 320 to 400 N when the
input energy value is approximately 2.3 J/mm, and the
base material is fractured when peeled. Accordingly, it
is found that the joint strength of the joined portion has
been improved to the base material strength level. The
peel strength is the same level as the same metal joined
body of aluminum materials. It has been checked that
the same tendency is shown when the thickness of the
copper material 102 is at least 1 mm and/or when the
thickness of the aluminum material 101 is at least 0.5
mm and no greater than 0.8 mm.
[0023] The depth "t" of the molten mixed portion 105
in which the high joint strength as described above can
be obtained is limited to a certain specific range. Specif-
ically, the range of at least 5 mm and no greater than 30
mm is preferable. The width W is preferably limited to a
range of at least 10 mm and no greater than 50 mm.
[0024] The optimum range of the above width W is 20%
to 30% of the case where the same materials are joined.
Accordingly, the width W of the molten mixed portion 105,
namely, the welding width can be narrowed. The input
energy amount is extremely reduced as compared with
the case where the same materials are welded as de-
scribed above, thereby forming the molten mixed portion
105 as the welded portion to be thinner and shallower.
Accordingly, the number of welding lines can be multi-
plied to three or four times. In this case, the joint strength
can be further improved while maintaining the ductility
performance.
[0025] It has been checked that the concentration of a
copper component inside of the molten mixed portion
105, for example, at a place A is suppressed to be lower
than 10%. On the other hand, it is checked that the con-
centration of an aluminum component in a region near
the molten mixed portion 105 in the copper material 102,
for example, at a place B is also suppressed to be lower
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than 10%. It is preferable that the deposition of the inter-
metallic compound is suppressed to a small amount as
described above. It can be considered that brittle fracture
behavior does not occur and a ductility fracture mode is
obtained as the deposition of the intermetallic compound
is suppressed to a small amount (plastic deformation of
the base material appears) .
[0026] It is preferable that the surface of the copper
material 102 is covered with Ni plating. Specifically, it has
been checked that the copper material 102 covered with
Ni plating is partially overlapped with the aluminum ma-
terial 101 and irradiated and welded with the laser beam
104 as described above to thereby form a stronger joint.
[0027] The dissimilar metal joined body according to
the embodiment includes the copper material 102, the
aluminum material 101 and the molten mixed portion 105.
The molten mixed portion 105 is configured so that part
of the aluminum material 101 is melted and flows into the
copper material 102. The depth from the surface of the
copper material 102 contacting the aluminum material
101 in the molten mixed portion 105 is at least 5 mm and
no greater than 30 mm. According to the configuration, it
is possible to increase the joint strength to the level in
which fracture occurs in the base material part of the
aluminum material 101 which has relatively low mechan-
ical strength.

INDUSTRIAL APPLICABILITY

[0028] The dissimilar metal joined body according to
the present invention can be applied to the connection
between the bus bar connecting between terminals of a
battery and an individual electrode terminal. Especially
in the in-vehicle secondary battery and so on, an expen-
sive clad-material bus bar formed of the copper material
and the aluminum material is used for connecting be-
tween electrode terminals, and the structure formed of
only the joined body of the same kind of materials is
adopted. However, it is possible to connect between any
terminals only by the inexpensive aluminum material by
the dissimilar joined body according to the present inven-
tion. Accordingly, great economic effects can be expect-
ed.

REFERENCE SIGNS LIST

[0029]

101 aluminum material
102 copper material
103 overlapping area
104 laser beam
105 molten mixed portion
110 molten portion

Claims

1. A dissimilar metal joined body comprising:

a copper material;
an aluminum material; and
a molten mixed portion containing the copper
material into which part of the aluminum material
is melted,
wherein a depth from a surface of the copper
material which contacts the aluminum material
in the molten mixed portion is at least 5 mm and
no greater than 30 mm.

2. The dissimilar metal joined body according to claim
1,
wherein a shortest dimension of the molten mixed
portion is at least 10 mm and no greater than 50 mm
on the surface of the copper material which contacts
the aluminum material.

3. The dissimilar metal joined body according to claim
1,
wherein a molten portion connecting to the molten
mixed portion is formed in a surface of the aluminum
material, which is opposite to a surface contacting
the copper material.

4. The dissimilar metal joined body according to claim
1, wherein a concentration of a copper component
inside the molten mixed portion is lower than 10%
and a concentration of an aluminum component in
a vicinity of the molten mixed portion in the copper
material is lower than 10%.

5. The dissimilar metal joined body according to claim
1,
wherein a thickness of the copper material is at least
1 mm.

6. The dissimilar metal joined body according to claim
1,
wherein a thickness of the aluminum material is at
least 0.5 mm and no greater than 0.8 mm.

7. The dissimilar metal joined body according to claim
1,
wherein the copper material is covered with Ni plat-
ing.
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